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Abstract Of W09933752 

The invention provides a method and a system of 
purifying water, in particular chlorinated bathing 
water in a swimming pool (1), by circulating the 
water through a filter device (2) for filtration of the 
water, and then at least a subflow (6) of the 
filtered water on the clean water side of the filter 
device is passed through a UV system (3) for 
photochemical treatment, wherein this first 
subflow (6) is irradiated intensively with 
electromagnetic radiation from one or more metal 
dosed UV intermediate pressure lamps during 
the passage through the UV system, and then a 
second subflow (7) of photochemically treated 
water is withdrawn from the first subflow (6) for 
nanofiltration or reverse osmosis treatment in a 
membrane filter device (4). With the present 
invention it is now possible also to remove 
carcinogenic substances, such as THM and AOX 
from the bathing water in swimming pools or the 
like. It is moreover realized by the invention that a 
method according to the invention may also be 
used for removing biocides, pesticides and 
peroxides, which makes the method according to 
the invention suitable for purification of water to 
produce drinking water. 
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(54) Titie: A METHOD AND A SYSTEM FOR PURIFYING WATER 




(57) Abstract 

The invention provides a method and a system of purifying water, in particular chlorinated bathing water in a swimming pool (1), by 
circulating the water through a filter device (2) for filtration of the water, and then at least a subflow (6) of the filtered water on the clean 
water side of the filter device is passed through a UV system (3) for photochemical treatment, wherein this first subflow (6) is irradiated 
intensively with electromagnetic radiation from one or more metal dosed UV intermediate pressure lamps during the passage through the 
UV system, and then a second subflow (7) of photochemically treated water is withdrawn from the first subflow (6) for nanofiltration 
or reverse osmosis treatment in a membrane filter device (4). With the present invention it is now possible also to remove carcinogenic 
substances, such as THM and AOX from the bathing water in swimming pools or the like. It is moreover realized by the invention that a 
method according to the invention may also be used for removing biocides, pesticides and peroxides, which makes the method according 
to the invention suitable for purification of water to produce drinking water. 
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A method and a system for purifying water 

The present invention relates to a method of purifying 
water, in particular chlorinated bathing water in a swim- 
5 ming pool, by circulating the water through a filter de- 
vice for filtration of the water, and then at least a 
subflow of the filtered water on the clean water side of 
the filter device is passed through a UV system for pho- 
tochemical treatment. The invention moreover relates to a 
10 system for purifying water by performing such a method. 

In e.g. swimming pools, chlorine is added to the bathing 
water as a disinfectant. This, however, causes formation 
of bound chlorine in the form of e.g. nitrogen-bound 

15 chloramines, which give obnoxious smells as well as irri- 
tation of eyes, mucosae and skin, just as these sub- 
stances may constitute a health hazard for the bathers. 
DK-B-144 663 discloses a method of removing chloramines 
from chlorinated water in swimming pools by intensive ir- 

20 radiation of the water with ultraviolet light at a wave- 
length of A, > 300 nm. 

It has moreover been found, however, that the addition of 
chlorine to bathing water causes formation of THM 

25 (Trihalomethanes) and AOX (Adsorbable Organic Halogens), 
both of which are a generic name for substances of which 
most are carcinogenic. This is a problem particularly in 
swimming pools, since both THM and AOX are odourless sub- 
stances and do not give the irritations known from the 

30 chloramines. This means that the bathers do not discover 
the presence of the substances. The photochemical method 
according to DK-B-144 663 does not remove THM and AOX in 
sufficiently large amounts for the occurrence of the sub- 
stances to be reduced in the swimming bath. 
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It has been known for some years that THM is formed in 
chlorinated bathing water, and some countries have fixed 
limit values for THM. To reduce the amount of both THM 
and chloramines in bathing water, the art comprises a 
5 method where active carbon is dosed on the top of a sand 
filter which is installed to purify the water. The sand 
filter, which per se does not remove the chloramines and 
the THM substances, thereby also filters these substances 
in addition to particles and suspended solids in the 
10 bathing water. 

Owing to the dosing of active carbon, this method, how- 
ever, creates problems when the sand filter is back- 
washed, which must be carried out almost every second 
15 day. This active carbon turns into large amounts of 
sludge that have to be disposed of, which is a problem, 
since, at several places, it is forbidden to flush active 
carbon out into the sewer. Moreover, this method involves 
the risk that bacteria are formed within the sand filter. 

20 

In this method, however, sufficient AOX is not removed, 
and since AOX occurs in about 10-15 times larger amounts 
than THM, this constitutes a health problem. With respect 
to the fixing of limit values of AOX, it is a predicament 
25 that today no certain and economic method of removing AOX 
is known, but, mostly, the concentration in the bathing 
water is reduced by dilution with make-up water in which 
AOS is formed in smaller amounts than in chlorinated 
bathing water. 

30 

Generally, this method of reducing the concentration of 
both the chloramines, THM and AOX is unacceptable, since 
at most places drinking water is used as a dilution solu- 
tion to the problems of too high concentrations. 

35 
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Furthermore, drinking water is usually used for backwash- 
ing the sand filters. Particularly when the sand filter 
is dosed with active carbon, it must frequently be back- 
washed. Thus, enormous amounts of drinking water are used 
5 for the purification process, which makes the purifica- 
tion process extremely costly, in addition to the fact 
that it is a waste of resources to use drinking water for 
this purpose. 

10 Accordingly, the object of the invention is to provide a 
method and an associated system which are capable of re- 
moving both bound chlorine (chlor amines) , THM and AOX 
from the water, just as the invention is intended to pro- 
vide a method and a system which are resource-saving in 

15 use. 

The invention comprises irradiating the first subflow in- 
tensively with electromagnetic radiation from one or more 
UV lamps during the passage through the UV system for 

20 photochemical pre-treatment of the water, and then with- 
drawing a second subflow of photochemically treated water 
from the first subflow for filtration by nanof iltration 
or reverse osmosis treatment in a membrane filter device. 
The invention moreover comprises a system for performing 

25 the method, said system comprising a filter device, such 
as a sand filter which is connected with a pipe string on 
the clean water side, a first substring being branched 
from said pipe string, said first substring having ar- 
ranged therein a UV system for photochemical treatment of 

30 the first subflow, a second substring being branched from 
the first substring, said second substring having ar- 
ranged therein one or more membrane filters for removing 
compounds (inter alia AOX, THM, salts) truly dissolved in 
the water. 



35 



wo 99/33752 PCT/DK98/00584 



The invention provides a method of water purification 
whereby both THM (Trihalomethanes) , chloramines, AOX 
(Adsorbable Organic Halogens) may be removed from the wa- 
ter which is filtered through the filter device, which is 
5 preferably a sand filter. 

It is hereby possible to remove the carcinogenic sub- 
stances from the bathing water in swimming pools or the 
like. It is moreover realized by the invention that a 
10 method according to the invention may also be used for 
removing biocides, pesticides and peroxides, which makes 
the method according to the invention suitable for puri- 
fication of water to produce drinking water, e.g. from 
polluted groundwater. 

15 

Also achieved are a method and a system in which the in- 
tervals between the backwashings of the sand filter is 
prolonged considerably, so that even highly loaded swim- 
ming baths only have to be backwashed once a week at a 
20 maximum. This results in a great saving of water. 

The branching of the second subflow after the water has 
been treated photochemically means that the water, in the 
second subflow is free of active chlorine, chloramines 

25 and part of the THM and AOX which the photochemical proc- 
ess can degrade. The water is thus without oxidation sub- 
stances which would otherwise destroy the membrane fil- 
ters, which is the next step according to the invention. 
The oxidation substances are activated in the UV system, 

30 which causes them to be degraded, the degradation taking 
place via the formation of OH* (radical), which is the 
strongest ion in water for oxidation. Extremely clean wa- 
ter is achieved hereby. 

35 In a preferred embodiment of the invention, the first 
subflow is irradiated with energy-rich electromagnetic 
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radiation in selective wavelengths, which essentially 
correspond to the value of the absorption energy level 
for each of the contaminants in the water, such as e.g. 
chloramines and similar chlororganic compounds. According 
5 to this preferred embodiment the UV system is a reaction 
container with one or more metal halide vapour lamps, 
which are dosed with one or more metals, for emission of 
electromagnetic radiation in the selective wavelengths. 
This provides an energy-saving UV photochemical treat- 
10 ment, as the lamp type may be arranged to preferably emit 
electromagnetic radiation in the form of ultraviolet 
light in precisely the wavelengths which correspond to 
the undesired chemical compounds in the water. 

15 One or more of the UV lamps, which are preferably metal 
halide intermediate pressure lamps, are arranged at the 
inlet and outlet pipes of the reaction container. This 
results in a simple structure of a reaction container for 
the UV system. The lamp or lamps are positioned in such a 

20 way that the water has a sufficient residence time rela- 
tively to the energy of the lamp and the turbidity of the 
water. In case of two or more lamps, the lamps are also 
distributed relatively to the circumference, when the 
lamps are arranged at the ends of the reaction contain- 

25 ers- When mounting the lamps longitudinally of the reac- 
tion containers, the lamps are divided in relation to the 
length of the reaction container. 

The photochemically treated water is pumped through at 
30 least one or more membrane filters for nanof iltration or 
reverse osmosis treatment, and the water is pumped ac- 
tively through each membrane filter, a pump being ar- 
ranged before each filter. By, according to this embodi- 
ment, withdrawing the second subflow and using a membrane 
35 filter after the water has been photochemically purified, 
it is ensured that the membrane filter just has to remove 
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THM and AOX as well as biocides, pesticides and perox- 
ides, if any, as the chloramines have already been decom- 
posed. This means that the membrane filter can operate at 
a relatively low pressure of about 7 to 15 bars against 
5 about 60 bars, if also the chlorine-bound substances were 
to be removed, which results in an extremely long service 
life of the membrane filter. Thus a service life of 3-5 
years may be expected against the. normal 6-8 months. This 
is achieved also because the water pressed through the 
10 membrane filter is filtered water having a particle size 
of below 1-1.5 \m. Most loading substances for the filter 
system used are minimized because of the sand filtration 
and because of the OH* (radical) ion. 

15 The invention will be described more fully below with 
reference to the accompanying drawing, in which the fig- 
ure shows a diagram of a filtration system according to 
the invention for filtration of bathing water in a swim- 
ming pool. 

20 

The figure shows a swimming pool 1 from which the bathing 
water runs out into an overflow channel 12 and out into 
the purification system. The water is pumped from the 
overflow channel 12 through a pipe 13 into a sand filter 
25 2, a feed pump 10 being inserted in the pipe 13. This 
feed pump 10 is adapted to the capacity of the sand fil- 
ter 2 and typically has a capacity of about 250 per 
hour in a typical combination swimming bath of 25 x 16 m 
for non-swimmers and swimmers. 

30 

The filtered water is conducted from the clean water side 
of the sand filter 2 through a pipe string 5 back into 
the pool 1. A first substring 6 is branched from this 
pipe string 5, and a subflow is withdrawn from the pipe 
35 string 5 for photochemical treatment. A UV system 3 is 
inserted in this substring 6 for photochemical treatment 
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of the fed filtered water from the sand filter 2. The 
subflow constitutes about 20% of the filtered water in 
the return string 5 to the pool 1. The size of the sub- 
flow is regulated by suitable valve devices. The water is 
5 pumped through the UV system 3 by a pump 8 which is in- 
serted in the first substring 6, the capacity of the pump 
being adapted to the capacity of the UV filter 3. This 
capacity is 50 per hour in a preferred embodiment of a 
combination bath of 25 x 16 m. 

10 

The UV system 3 degrades the active chlorine, the nitro- 
gen-bound chlorine (chloramines) and only a little of the 
organic bound chlorine (THM and AOX) which are present in 
the filtered water. The UV system comprises a reaction 

15 container in which at least one UV metal halide lamp is 
arranged both in the inlet and in the outlet in the con- 
tainer. The photochemical lamps are all of the same type, 
which means that it is not necessary to stock many dif- 
ferent types at each installation site. According to the 

20 invention, the lamp type is an intermediate pressure 
lamp, which is a special metal halide vapour lamp dosed 
with various metals in such a way that the lamp has as 
much energy as possible in the wavelengths which are nec- 
essary for the photochemical process. These wavelengths 

25 depend on the substances which are to be removed, and 
with the preferred lamp type it is possible to select the 
wavelengths which correspond to the absorption level of 
the undesired substances which are dissolved in the wa- 
ter. These wavelengths of electromagnetic radiation or UV 

30 light will typically be of the order of X, « 190-465 nm, 
but may also be outside this range if so called for by 
the absorption characteristic of the undesired sub- 
stances . 



35 After the water has been treated photochemically, a sec- 
ond subflow is withdrawn from the first substring 5 in a 
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second substring 7. The amount withdrawn from the first 
subflow must not be larger than necessary to maintain 
equilibrium in the pool 1. It will preferably be about 
10-15% of the first subflow when a 25 x 16 m combination 
bath is involved. 

This second substring 7 has inserted therein a membrane 
filter 4 and a suitable arrangement of valve units for 
controlling the flow in the strings 6, 7. In the embodi- 
ment shown, two membrane filters 4 are arranged in series 
with their respective pumps 9 arranged immediately before 
the filter 4. These pumps 9 are selected to give a pres- 
sure of about 15 bars and have a capacity which corre- 
sponds to the associated membrane filter 4, and which is 
preferably about 3.75 m^ per hour. The water is passed 
through a membrane filter, whereby a reverse osmosis 
treatment takes place. With the lower pressure for re- 
verse osmosis systems (only about 7 to 15 bars against 
the usual about 60 bars), the membrane filters have a 
considerably longer service life, just as a low current 
consumption is obtained. 

Alternatively, the two membrane filters may be arranged 
in parallel and optionally have a common pump. Moreover, 
as another alternative, it may be possible to arrange a 
single membrane filter 9 in the substring 7, if condi- 
tions so permit, such as e.g. in a purification system 
for smaller pools. 

The membrane filters 9 are connected with an outlet 11 
where the filtered concentrate is discharged. 

The water is first filtered in the sand filter 2, whereby 
inter alia suspended solids and other particles larger 
than 1-1.5 |im are filtered. Then a subflow of this fil- 
tered water is treated photochemically to degrade the 
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chlorine-related substances in the water, which is fol- 
lowed by the withdrawal of a further subflow which is 
subjected to a reverse osmosis process to filtrate the 
"true" solutions in the water, thereby removing the car- 
5 cinogenic substances THM and AOX from the water. The wa- 
ter is then passed back to the pool. A method and a sys- 
tem for purifying swimming bath water are obtained 
hereby, wherein dilution is no longer the only answer to 
the problems of reducing the concentrations of the unde- 
10 sired substances, be it the chloramines and the other 
chlorine compounds, THM and AOX, below the desired levels 
of concentration, such as the limit values to the extent 
to which such exist. 
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Patent Claims 



1. A method of purifying water, in particular chlorin- 
5 ated bathing water in a swimming pool (1), by circulating 

the water through a filter device (2) for filtration of 
the water, and then at least a subflow (6) of the fil- 
tered water on the clean water side of the filter device 
is passed through a UV system (3) for photochemical 

10 treatment, characterized in that this sub- 
flow (6) is irradiated intensively with electromagnetic 
radiation from one or more UV lamps during the passage 
through the UV system, and then a second subflow of pho- 
tochemically treated water is withdrawn from the first 

15 subflow for nanof iltration or reverse osmosis treatment 
in a membrane filter device (4) . 

2. A method according to claim 1, character- 
ized in that the first subflow (6) is irradiated with 

20 energy-rich electromagnetic radiation in selective wave- 
lengths, which essentially correspond to the value of the 
absorption energy level for each of the contaminants in 
the water, such as e.g. chloramines and similar chloror- 
ganic compounds. 

25 

3. A method according to claim 1 or 2, c h a r a c - 
terized in that the photochemically treated water 
is pumped through at least one or more membrane filters 
(4) for reverse osmosis treatment or nanof iltration, and 

30 that the water is pumped actively through each membrane 
filter (4), a pump (9) being arranged before each filter. 

4. A method according to any preceding claim, char- 
acterized in that the first subflow (6) consti- 

35 tutes about 20% of the filter capacity of the filter de- 
vice. 
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5. A method according to any preceding claim, c h a r - 
"acterized in that the second subflow (7) consti- 
tutes about 10-15% of the first subflow (6) of photo- 

5 chemically treated water. 

6. A system for purifying water by performing a method 
according to any preceding claim, character- 
ized in that the system comprises a filter device, 

10 such as a sand filter (2), which is connected with a pipe 
string (5) on the clean water side, a first substring (6) 
being branched from said pipe string, said first sub- 
string having arranged therein a UV system (3) for photo- 
chemical treatment of the first subflow, a second sub- 

15 string (7) being branched from the first substring, said 
second substring having arranged therein one or more mem- 
brane filters (4) for removing compounds dissolved in the 
water, such as THM, AOX and/or salts, 

20 7. A system according to claim 6, character- 
ized in that the UV system (3) is a reaction con- 
tainer with one or more meal halide vapour lamps, dosed 
with one or more metals, for emission of electromagnetic 
radiation in selective wavelengths, which essentially 

25 correspond to the value of the absorption energy level 
for each of the contaminants in the water, such as e.g. 
chloramines and similar chlororganic compounds. 

8. A system according to claim 7, character- 

30 i 2 e d in that one or more of the UV lamps are metal 
halide intermediate pressure lamps. 

9. A system according to claim 7 or 8, charac- 
terized in that at least one lamp is arranged at 

35 the inlet and outlet pipes in the reaction container. 
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10. A system according to any one of claims 6-9, 
characterized in that the second substring 
(7) has two serially arranged membrane filters (4), and 
that a pump (9) is arranged in connection with each mem- 
brane filter. 
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